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[57] ABSTRACT

A fine tip hand-held medical suction device is provided
having a vent orifice in the sidewall of the tip remote
from the suction orifice of the tip and the hand holding
portion of the device fo regulate the negative pressure
at the suction orifice. A fluid flow restriction orifice in
the flow passage is disposed close to the vent orifice.

23 Claims, 1 Drawing Sheet
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MEDICAL SUCTION DEVICE WITH AIR VENT
AND FIXED RESTRICTOR

Thus 1s a continuation of co-pending application Ser. 5
No. 881,374 filed on July 2, 1986 now abandoned.

TECHNICAL FIELD

This invention relates to medical suction devices and
more particularly to hand held, fine tip suction devices. 10

BACKGROUND ART

Surgical suction devices, such as hand-held suckers,
are used for removing blood and other body fluids from
surgical sites, for example, to provide a clear view of 15
the site during an operation. Where fine and delicate
areas of the body are surgically involved, such as when
delicate brain tissue, small veins, arteries, and nerves are
operated on, for example, as when sutured, suckers
having tips with suction orifices of small diameter are 20
employed. The fine tips allow the accurate suctioning of
very small amounts of liquid from selected areas.

With some suckers, it is possible to effect a high suc-
tion or negative pressure at the suction orifice when the
orifice is occluded by body tissue. For example, when 25
the suction orifice is occluded such that no liquid or air
flows into the suction source, the negative pressure at
the suction orifice increases to that of the source. Such
a high pressure differential may, of course, cause exces-
sive tissue grab and damage to occluding body tissue. 30

Some such suckers have suction tips of stainless steel
with a suction orifice of small diameter. Such fine tips
allow small quantities of liquid, such as small globules,
of blood, to be removed from the site. However, be-
cause these tips are of rigid steel and of small diameter, 35
there is the danger that inadvertent movement of the
manually held sucker could readily damage delicate
tissue. |

Some suction suckers often produce relatively loud
noises, such as gurgling sounds caused by the move- 40
ment of air and liquid in the tip, as well as vibrations.
Such vibrations are transmitted to the hand of the oper-
ator and this increases the difficulty of suctioning body
fluids in small areas of the body.

SUMMARY OF THE INVENTION

It 1s therefore and object of the present invention to
provide an improved hand-held medical suction device
which reduces or substantially obviates one or more of
the above-mentioned problems. 50

A more specific object of the present invention is to
provide an improved hand-held, fine tip, medical suc-
tion device which automatically regulates or limits the
maximum negative pressure at the suction orifice of the
tip to values which are not damaging to body tissue 55
when the suction orifice is occluded by body tissue.

Still another object is to provide an improved hand-
held medical sucker having a fine tip and wherein noises
and vibrations during operation of the sucker are sub-
stantially reduced. 60

In accordance with one aspect of the present inven-
tion, a sucker is provided that includes a body member
having a hand holding portion and which is connectable
with a source of suction, a suction tip is connected to
the distal end of the body member and has a suction 65
orifice at the distal end thereof. The device is provided
with a vent to the atmosphere which is between and
remote from the suction orifice and the hand holding
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portion of the body member to regulate the suction at
the suction orifice. In accordance with another aspect, a
tlow resistance orifice is located adjacent the vent ori-
fice with vent orifice between the suction orifice and
the flow resistance orifice.

" These as well as other objects and advantages of the

present invention, will become apparent from the fol-
lowing detailed description and drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a side view, with portions broken away, of
a medical hand-held suction device in accordance with
a preferred embodiment of the present invention:

FIG. 2 is an enlarged longitudinal cross-sectional
view of the distal end portion of the device of FIG. 1

FI1G. 3 is a bottom view of the tip of FIG. 1; and

FIG. 4 1s a side view of a distal portion of the device
of FIG. 1 illustrating the flexibility of the tip when
bending forces are applied to it.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawing and particularly to
FIG. 1, there is shown a medical suction device shown
as a hand-held sucker 10 for aspirating body fluids such
as blood from delicate areas of the body, such as en-
countered during brain operations or other operations
where small and delicate body tissues, blood vessels,
nerves, and the like are encountered. The sucker 10
includes a housing 11 including a body member 12 hav-
ing a handle 14, and a probe 16, and a flexible tip 18
connected to the distal end of the probe 16. A generally
conical serrated connector 20 integrally formed with
handle 14 at the proximal end thereof is adapted to be
connected to tubing such as indicated in phantom at 22
that connects device 10 with a a negative pressure or
suction source indicated at 24 which may include a
conventional or suitable body fluid collection container.

The handle 14 has a generally rectangular socket 26
at the distal end which receives a generally rectangular
connector portion 28 of probe 16. The connector por-
tion 28 may be fixedly connected in socket 26 of handle
14 by a suitable adhesive or the like. The probe 16 has
a passageway 30 extending through it and which con-
nects with a passageway 32 that extends through the
handle 14. A flexible manually operated slide valve
member 34 is slideable from a position in which the
distal end of probe passage 30 is open and in fluid com-
munication with the handle passage 32, as shown in
F1G. 1, to a closed position in which the slide valve
member 34 is moved proximally with the proximal por-

tion of it moving downwardly to close off the proximal

end of ‘passage 30. The valve member 34 has a finger
abutment 36 which extends through an opening 37 in
the upper wall of the handle 14. The right or proximal
end of valve member 34 is slideable between comple-
mentary facing surfaces 38 and 40 of the connector
portion 28 and handle 14, respectively, to close and
open fluid communication between the passages 30 and
32. Probe 16 is provided with four concave surfaces 42,
one in each sidewall, so that diametrically opposed
concave surfaces can be grasped between a thumb and
index finger during use of the suction sucker 10, these
surfaces serving to provide a comfortable part of the
hand holding portion of the device for good handling
and control. The hand holding portion of the device
also includes parts of the handle 14 which is shown
provided with hand engaging serrations 43. The probe
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16 curves downwardly so that the distal end portion
extends at an obtuse angle to the longitudinal axis of the
other portions of the probe for ease of handling.

The suction tip 18, as also seen in FIG. 2, includes a
main longitudinally extending generally conical or ta-
pering portion 44 having an integral enlarged connector
portion 46 at the proximal end. The connector portion
46 has a radially outwardly extending wall 48 ending in
an annular, proximally facing flange 50 and a generally
longitudinally extending tubular proximal end portion
52 that extends into the distal end of passage 30 of probe
16. The connector portion 46 of tip 18 is secured to the
distal end of probe 16, for example, by suitable adhesive
or other suitable means for securely fixing the end por-
tion 52 to the walls of passage 30 of the probe 16. Tip 18
is provided with a longitudinally extending bore 54
extending through the tip and which is tapered or gen-
erally conical and extends radially outwardly in the
proximal direction. Tip 18 at the distal end of passage 54
has a suction orifice 56. The tip is circular in cross-sec-
tion with the diameter of passage 54 at the orifice 56
being smaller than that at any other point along the
passage 54. The wall thickness slightly decreases from
the connector portion 46 to the orifice 56. Since the
main portion 44 is tapered, it provides even better vision
of small areas of the site which are being aspirated.

A generally cylindrical fluid flow resistance member
58 1s disposed in the cylindrical proximal end portion 52
of connector 46. Fluid flow restriction member 58 is
secured in the tip portion 52, such as by a suitable adhe-
sive. Flow resistance member 58 has a passage or flow
resistance orifice 60 extending through it and having a
smaller diameter than the diameter of passage 30, and a
substantially larger diameter than that of suction orifice

36. The cylindrical portion 52 of tip 18 and the flow
restriction member S8 with orifice 60 together provide

a flow resistance effecting a fluid pressure drop and a
thuid pressure differential between the suction source or
passage 30 and passage 54 of the tip 18 so that the suc-
tion or negative pressure in tip passage 54 will be less
than the suction or negative pressure in passages 30 and
32 of body member 12. The flow resistance orifice 60 is
the most flow restrictive point in the device including
tube 22 except for the relatively small suction orifice 56.

The sucker 10 is also provided with a vent opening or
orifice 62 remote from both the suction orifice 56 and
the hand holding portions of the body 12. Vent orifice
62 1s shown formed in the sidewall of the tip 18 adjacent
the proximal end of tip 18 and adjacent the flow resis-
tance orifice 60 which is adjacent the prixmal end of the
tip and distal end of the probe 16 in the illustrated em-
bodiment. Vent 62 feeds ambient air into tip passage 54
which flows through the flow resistance orifice 60 into
the passages 30 and 32 and tube 22 and then into the
suction source 24. Vent orifice 62 regulates or maintains
the suction across suction orifice 56 substantially con-
stant even when orifice 56 is completely occluded, such
as by body tissue or blood. Vent orifice 62 allows ambi-
ent air to be fed into the suction tip 18 and the suction
system, and the amount of this air flow will vary as the
negative pressure of the suction source 24 varies so as to
regulate or maintain the suction at the suction orifice 56
substantially constant. Vent passage 62 is shown formed
in the conical tip portion 44 at a point of relatively large
diameter. Vent 62 is located on the bottom side of tip 18
as shown in FIGS. 1-3, that is, it is on the obtuse angle
side of less than 180° or proximal side of the curved end

portion of housing 11 so that there is less chance of
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inadvertently occluding vent 62 by engagement with
body tissue.

The flow characteristics of the flow resistance orifice
60, vent orifice 62, and suction tip orifice 56, which are
primarily determined by cross-sectional areas of these
orifices, are so related that the suction or negative pres-
sure at the suction tip orifice 56 is automatically main-
tained at a substantially constant relatively low level
that cannot produce excessive tissue grab should the
suction tip orifice 56 become occluded by body tissue.
This of course is important in preventing body tissue
damage especially where the sucker 10 is used in deli-
cate areas of the body. Preferably, these orifices are
related such as to provide a maximum grab force of, for
normally expected variations in the negative pressure of
the source 24, between about one-half gram and one and
one-half grams, that is, such that the tip can raise a
member having a weight of one-half to one and one-half
grams if the member being lifted occludes the orifice 56.

The suction orifice 56 and outer diameter of the tip at
the suction orifice should be small enough to permit
good vision of the small areas of the body from which
body fluid is to be removed.

A sucker made in accordance with the present inven-
tion and like that shown in the drawing had the follow-
ing construction features:

Suction tip orifice 56 (circular): 0.0013 sq. in. (0.041
inch or 1.041 mm diameter)

Flow resistance orifice 60 (circular): 0.0053 sq. in.
(0.082 inch or 2.083 mm diameter)

Vent orifice 62 (elliptical): 0.0094 sq. in. ( 0.12 inch
3.05 mm length, 0.10 inch or 2.54 mm width)

In this example sucker, the largest diameter of the tip
passage 54, was approximately 0.124 inch (3.15 mm) in

diameter and the length of the tip between flange 50 and
the orifice 56 was about 1.48 inches (35.79 mm). The

outer diameter of the tip at orifice 56 was about 0.095
inch (2.413 mm). The outer diameter of the tip at its

junction with the enlarged connector portion 46 was

about 0.21 inch (5.33 mm). The vent 62 was formed in
the sidewall of the tip with the center of the vent 62
spaced proximally from the suction orifice 56 approxi-
mately 1.28 inches (32.51 mm). The length of the resis-
tance member 38 and the cylindrical proximal end por-
tion 52 of the tip were both about 0.2 inch (5.08 mm) in
length and concentric with each other. The inner diam-
eter of passage 30 of probe 16 was approximately 0.126
inch (3.20 mm) as also was the tubing, such as tubing 22,
connecting the device 10 to the source of suction and
fluid collection device. This example device produced a
suction grab force about one-half gram when occluded
even though there were variations in the negative pres-
sure of source 24.

While the vent 62 is located remotely from the suc-
tion orifice 56, it is preferably placed somewhat close to
the suction orifice but such that the suction orifice is not
subject to ciosure by liquid or tissue during suctioning.
By having the vent orifice 62 somewhat close to the
suction tip orifice, only a relatively small column of
hiquid, such as blood, can be formed distally of the vent
orifice or in passage 54 where the negative pressure is
relatively low compared to that of passage 30. Since a
column of blood is relatively small it can readily pass by
the vent 62 and flow restriction 60 and flow into the
high negative pressure passage 30 and through the de-
vice. If the vent and flow resistance orifices were lo-
cated, too far (for example, 5 inches) from the suction
orifice 56, it would be possible in a fine tip sucker for a
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substantially large column of liquid to fill that portion of
the device distally of the vent passage thereby creating
a column of liquid that may not be able to be drawn into
the suction system past the vent because of the length
and relatively low negative pressure of that distal por-
tion of the device. Preferably, the vent orifice is at least
one-half inch from the suction orifice 56 and less than
two inches from the suction orifice. |

The flow resistance orifice 60 should also be as close
to the vent orifice 62 and tip orifice 56 as practical so as
to avoid a relatively long portion of the flow passage
through the device which is at a relatively low negative
pressure. In other words, if the flow resistance orifice 60
was moved excessively proximally from the vent orifice
62 and orifice 56, there would be a considerable dis-
tance of passageway on the distal side of the resistance
ortfice 60 at which the negative pressure was relatively
low so that liquid globules and could accumulate on the
sidewalls instead of quickly passing through into the
higher negative pressure passageways on the proximal
side of the resistance orifice 60. In such a case, the liquid
and air flow in such a low negative pressure passage
would result in noise, such as gurgling sounds, and
vibration. Such noise and vibration is reduced in the
construction shown and described herein.

In the above example, the cross-sectional area of the
vent orifice 62 was approximately twice that of the
restriction orifice 60 and approximately seven times that
of the suction orifice 56, and with the cross-sectional
area of the restriction orifice being about five times that
of the suction orifice tip. Preferably, the tip 18 has a
suction orifice 56 which has a diameter that is less than
0.12 inch and more preferably, less that 0.05 inch. By

making the orifice and the sucker tip small, the sucker

tip can be moved into small areas of the body and the tip
does not undesirably obscure the view of the operator

when collecting small globules of liquid such as blood
from small delicate tissues. The vent 62 is spaced far
enough from the orifice 56 such that it wiil not enter
pools of blood and such that there is little chance that it
will be occluded by body tissue or blood. Since the vent
orifice 62 is adjacent the enlarged connector portion 46,
there is even less chance that it can be occluded during
use. Also, with the vent orifice 62 located remotely
from the hand holding portions of the member 12, it
cannot be inadvertently closed by a finger or hand of
the operator. |

The effective area of the flow restriction orifice 60
should be substantially smaller than that of the vent
orifice 62 in order to be effective in reducing suction in
the tip passage 54. Because of the presence and relative
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size of the restriction orifice 60, the size of the vent .

orifice 62 may be desirably made small enough to avoid
undesirably weakening the sidewalls of the fine tip 18.
Both resistance and vent orifices are of fixed or prede-
termined size to provide consistent operation. Also,
since the vent orifice 62 and the restriction orifice 60 are
relatively close together and with the restriction orifice
being only about an inch and a half from the suction
orifice 56, only the relatively short passageway 54 will
have a relatively ‘low suction or negative pressure.
Thus, fluids will have only a relatively short distance to
travel before reaching the passage 30 of relatively high
negative pressure. In the above example, the cross-sec-
tional area of the passage 30 was about 0.035 sq. inch
which was substantially larger than the vent and restric-
tion orifices, the passage 30 being about seven times

3

65

greater than that of the restriction orifice so that the
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restriction orifice 60 would have an effective reduction
in the negative pressure of tip 18.

It will now be apparent that the use of the vent orifice
62 sufficiently remote from the suction orifice 56 so that
body fluid and tissue do not come in contact with the
external side of vent orifice 62, tends to regulate the
suction or negative pressure differential across the suc-
tion orifice 56 upon the occurrence of an occlusion at
the suction orifice 56 and thereby avoids damage to the
tissue causing the occlusion. In other words, without
the vent passage 62, any tissue occluding the orifice 56
would immediately result in the full suction force or
negative pressure at the orifice being the same as that at
the suction source since no air would flow in the sys-
tem. The low suction at the tip also tends to reduce or
prevent tissue grab during aspiration of blood.

The handle and probe may be made of a suitable,
relatively rigid plastic material and may include plastic
resins and copolymers and, for example, may include a
acrylic copolymer or other suitable plastic. The valve
slide 34 may be formed of a suitable flexible plastic such
as polyethlyene. The fine tip 18 is preferably formed of
a suitable flexible plastic material, for example, it may
be formed of a polyvinyl chloride that is soft and flexi-
ble but which supports itself and is resilient enough to
return to its original shape after being bent during use.
The sidewalls of the tip 18 are normally straight, that is,
without bending forces applied. FIG. 4 shows that the
tip 18 engaging a small body surface and being bent.
The tip 18, after being bent as in FIG. 4, is resilient
enough to substantially return to its normally straight
condition.

‘The vent orifice 62 is shown as a single opening in the
sidewall of the tip 18, it being the only opening in the tip
except for those at the distal and proximal ends of the
tip. The effective orifice 62 may be formed by providing
one or more openings where desired.

As various changes could be made in the above con-
struction without departing from the scope of the inven-
tion, it is intended that all matter contained in the de-
scription or shown in the accompanying drawing shall
be interpreted as illustrative and not in a limiting sense.

What is claimed is:

1. A hand-held fine tip sucker for suctioning body
fluid from delicate areas of the body comprising hous-
ing means having a passage therethrough and including
a handle adapted to be held in the hand for holding the
sucker, and means at the proximal end thereof for con-
necting said passage with a suction source, a tip con-
nected to the distal end of said housing means and hav-
ing a passage therethrough connected with said housing
means passage, said tip having relatively small suction
orifice at the distal end thereof connected with said tip
passage, said sucker having vent orifice means connect-
ing satd passages to the atmosphere and being disposed
between and remote from said suction orifice and said
handle, and fluid flow restriction orifice means of fixed
size and position disposed in one of said passages be-
tween said vent orifice means and said handle in series
flow relation with said passages for reducing the suction
in said tip relative to that in said housing means passage,
the flow resistance of said restriction orifice means
being greater than that of said vent orifice means and
less than said suction orifice.

2. The sucker of claim 1 wherein said vent orifice
means includes a vent opening extending through the
stdewall of said tip.
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3. The sucker of claim 2 wherein said tip has a gener-
ally conical portion with said suction orifice at the nar-
row end thereof, and said vent orifice means is at the
relatively large end of said conical portion.

4. The sucker of claim 1 wherein said fluid flow re-
striction orifice means has an effective cross-sectional
area which is less than that of said vent orifice means.

5. The sucker of claim 4 wherein said tip is of plastic
and said vent orifice means consists of a single opening
extending through the sidewall of said tip.

6. The sucker of claim 4 wherein said flow restriction
orifice 1s in said body member in said passage so related
to size to said vent orifice means and said suction orifice
that the suction force at said tip opening when suction is
applied to said first passage is automatically limited to
relatively low grab force values when occluded by
body tissue.

7. The sucker of claim 4 wherein the effective cross-
sectional area of said housing means passage is greater
than the cross-sectional area of said flow restriction
mearns.

8. The sucker of claim 4 wherein the effective cross-
sectional area of said vent orifice means is greater than
that of each of said flow restriction orifice means and
said suction orifice.

9. The sucker of claim 8 wherein said restriction
orifice is closely adjacent said vent orifice.

190. The sucker of claim 8 wherein said suction orifice
has a cross-sectional area between about 0.001 and 0.002
of a square inch.

11. The sucker of claim 8 wherein the cross-sectional
area of said flow restriction orifice is greater than that of
said suction orifice, said suction orifice is a single open-
Ing at the distal end of said tip.

12. The sucker of claim I wherein said vent orifice
means 1S disposed at least one-half inch from said suc-
tion orifice.

13. The sucker of claim 12 wherein said vent orifice
means is spaced from said suction orifice between about
one-half inch and two inches.

14. The sucker of claim 13 wherein said flow restric-
tion means orifice means is about 0.2 inch from said vent
orifice means.

15. The sucker of claim 1 wherein said housing means
includes a distal end portion extending at an angle to an
adjacent portion of said housing means and said vent
orifice means is disposed on said distal end portion.

16. The sucker of claim 1 wherein said housing fur-
ther includes a probe portion having a distal end portion
extending at an obtuse angle to the longitudinal axis of

10

135

20

25

30

335

43

50

33

60

65

8

said housing, and said vent orifice is in said tip on the
side of the obtuse angle that is less than 180°,

17. The sucker of claim 1 wherein said flow restric-
tion means is about one and one-half inches from said
suction orifice.

18. The sucker of claim 1 wherein flow resistance of
said flow restriction orifice means is substantially
greater than the flow resistance of said vent orifice
means.

19. A hand-held fine tip sucker comprising a body
member including a probe having a first passage there-
through, and a handle having a second passage there-
through, the distal end of said handle being connected
to the proximal end of said probe with said first and
second passages connected in fluid communication, the
proximal end of said handle having means for connect-
ing said second passage with a source of suction, and a
flexible tip having a third passage therein, the proximal
end of said tip being connected to the distal end of said
probe with said second and third passages connected in
fluid communication, said tip having a suction orifice at
the distal end thereof connected with said third passage,
and vent orifice means extending through the sidewall
of said tip for the flow of ambient air into said third
passage, sald vent orifice means being located remote
from said suction orifice and closer to the proximal end
of said tip than to the distal end thereof, and a flow
resistance orifice of fixed size and position located prox-
imally of said vent orifice means and adjacent the distal
end of said probe in series flow relation with said pas-
sages, the effective cross-sectional area of each of said
vent orifice means and said flow resistance orifice being

greater than that of said suction orifice, the effective
cross-sectional area of said vent orifice means being
greater than that of said flow resistance orifice.

20. The sucker of claim 19 wherein said flow resis-
tance orifice is located adjacent the juncture of said tip
and said probe adjacent to but proximally of said vent
orifice means.

21. The sucker of claim 20 wherein said probe and
said handle have hand holding means thereon adapted
to be grasped by the hand of an operator, said hand
holding means being proximally remote from said vent
orifice means.

22. The sucker of claim 21 wherein said body member
has a switch thereon adjacent said hand holding portion
for selectively opening and closing off fluid communi-
cation between said first and second passages.

23. The sucker of claim 19 wherein said flow resis-
tance orifice is the most restrictive orifice in the device

except for said suction orifice.
¥ k% % ¥ %
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